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Abstract
Objective: Excess salt consumption is causally linked with stomach cancer, and salt
intake among adults in Vietnam is about twice the recommended levels. The aim of
this study was to quantify the future burden of stomach cancer that could be
avoided from population-wide salt reduction in Vietnam.
Design: A dynamic simulation model was developed to quantify the impacts of
achieving the 2018 National Vietnam Health Program (8 g/d by 2025 and 7 g/d
by 2030) and the WHO (5 g/d) salt reduction policy targets. Data on salt consump-
tion were obtained from the Vietnam 2015 WHO STEPS survey. Health outcomes
were estimated over 6-year (2019–2025), 11-year (2019–2030) and lifetime hori-
zons. We conducted one-way and probabilistic sensitivity analyses.
Setting: Vietnam.
Participants: All adults aged≥ 25 years (61 million people, 48·4 % men) alive in
2019.
Results: Achieving the 2025 and 2030 national salt targets could result in 3400 and
7200 fewer incident cases of stomach cancer, respectively, and avert 1900 and 4800
stomach cancer deaths, respectively. Achieving theWHO target by 2030 could pre-
vent 8400 incident cases and 5900 deaths from stomach cancer. Over the lifespan,
this translated to 344 660 (8 g/d), 411 060 (7 g/d) and 493 633 (5 g/d) health-
adjusted life years gained, respectively.
Conclusions: A sizeable burden of stomach cancer could be avoided, with gains in
healthy life years if national and WHO salt targets were attained. Our findings pro-
vide impetus for policy makers in Vietnam and Asia to intensify salt reduction
strategies to combat stomach cancer and mitigate pressure on the health systems.
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Stomach cancer – also known as gastric cancer – is a
major public health problem in many countries. In
2019, there were over 1·2 million newly diagnosed cases
of stomach cancer worldwide. It is the fifth most
commonly diagnosed cancer globally and the third lead-
ing cause of cancer mortality(1). In 2019, stomach cancer
was responsible for almost a million deaths and accounted
for over 22 million disability-adjusted life years (DALY)(2).
The largest share of this cancer burden occurred in low-
income and middle-income countries, where most health-
care systems are ill equipped to provide the complex care
that is required.

Vietnam is among the top ten countries with the highest
rates of stomach cancer worldwide(1,2). Stomach cancer is
the third most frequently diagnosed cancer in Vietnam,
and in 2018, over 17 500 new cases of stomach cancer were
diagnosed in the country. It is also the third leading cause of
cancer mortality in Vietnam(3). The 5-year survival rate of
people with stomach cancer is very poor, typically ranging
between 20 and 30 %(2,4). With such grim prognosis, pri-
mary prevention is crucial, especially in low-income and
middle-income countries.

High-salt (Na) consumption is thought to increase the
risk for stomach cancer via multiple mechanisms. Studies
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in animals have demonstrated that chronic exposure to
high-salt intake alters the viscosity of the mucous lining
of the stomach, progressively causing atrophic gastritis
and intestinal metaplasia. In addition, high-salt concentra-
tions facilitate Helicobacter pylori colonisation of the
stomach, which then upregulates the expression of the car-
cinogenic protein (cagA)(5). Exposure to high-salt diets also
promotes the formation of N-nitroso compounds, which
arewell-known human carcinogens associatedwith gastro-
intestinal cancers(6,7). Pooled evidence from prospective
cohort studies has demonstrated that high-salt consump-
tion significantly increases the risk of developing stomach
cancer(8,9). A recent dose–response meta-analysis by Fang
and colleagues found that a 5 g/d increment in dietary salt
intake increased the risk of stomach cancer by 12 %(9).
Given very high average dietary salt intake globally, this
translated to attribution of well over a third (38·2 %) of
the stomach cancer DALY to diets high in Na in the recent
Global Burden of Disease (GBD) analysis(2).

The most recent WHO STEPS survey in Vietnam esti-
mated that adults consume on average 9·4 g of salt/d(10),
which is about double the current WHO recommendation
of <5 g/d(11). Existing research on the harmful effects of
high-salt intake globally(12) and in Vietnam(13,14) has mostly
focused on its impact on blood pressure and CVD. The
impact of such high-salt diets on the burden of stomach
cancer has not been evaluated in Vietnam. Recognising
high-salt consumption as a major public health concern,
the government of Vietnam in their recent 2018 Vietnam
Health Program has set national average salt intake targets
to be achieved by 2025 and by 2030(15). Building on the
above evidence gaps, the aim of this study was to (1) quan-
tify the avoidable burden of stomach cancer (absolute and
relative changes in incidence and mortality) and (2) esti-
mate the impact of these changes in stomach cancer bur-
den on healthy life years (LY), if the Vietnam Health
Program and WHO salt reduction targets were attained.

Methods

Salt reduction policy target
The 2018 Vietnam Health Program has as main aim to
improve the well-being, longevity and quality of life of
Vietnamese people in the 2018–2030 period. One of the
three goals of this program is to ‘Ensure proper nutrition
and enhance physical activity to improve the stature
and health for the people’. In line with this goal, national
salt reduction policy targets were set which included: a
reduction in current salt intake to less than 8 g/d by 2025
and to further reduce salt intake to less than 7 g/d by
2030(15). In this study, we attempted to quantify the poten-
tial impact of these salt policy targets on the future burden
of stomach cancer and population health.We implemented
this by comparing the attainment of these national salt pol-
icy targets and the WHO (5 g/d) salt reduction target to a

business-as-usual setting, where current consumption pat-
terns persist into the future.

Study design, population and data sources
We conducted a simulation study using a multi-cohort
proportional multistate lifetable Markov model. This model
combines demographic, epidemiological and economic data
to project the impacts of interventions over the lifecourse and
is well-suited for population-level chronic disease modelling
given its capacity to account for comorbidities(16,17). A closed
cohort of all adult Vietnamese aged≥ 25 years (total of
61 million people, 48·4 % men) alive in 2019 were included
in this analysis.

Age- and gender-specific data on salt intake were
obtained from the 2015 VietnamWHO STEPwise approach
to non-communicable disease (NCD) surveillance (STEPS)
study(10). This nationally representative survey included
adults aged 18 to 69 years from 4651 households across
all sixty-three provinces in Vietnam. Spot urine samples were
collected from participants to measure urinary Na (salt) con-
tent. The INTERSALT formulae(18) were then used to estimate
24-h urinary Na excretion from the spot urine samples, and
these were used as a proxy for Na intake in this study. Due
to the absence of reliable data, we assumed that people≥ 70
years had similar salt intake levels to those aged 69 years. For
baseline stomach cancer epidemiology, age- and sex-specific
data were obtained from the 2019 GBD study. Model input
parameters are provided in the appendix.

Modelling framework
We developed a proportional multistate lifetable Markov
model, a dynamic epidemiological model that simulated
age- and sex-stratified cohorts of the Vietnamese popula-
tion≥ 25 years alive in 2019 over their remaining lifetime.
The model contains three distinct but linked sections: a risk
factor (exposure) section, a standard cause-elimination
lifetable and a section for each disease beingmodelledwith
an independent disease progression (Markov) or illness-
death process(17). The age- and sex-stratified disease-
specific morbidity and mortality rates for the disease(s)
being modelled (stomach cancer), together with ‘all other’
morbidity and mortality rates (for diseases not included in
the model) feed into the lifetable for the calculation of all-
cause or total morbidity and all-cause mortality rates in the
main lifetable. The model simulates two main populations
– a reference (business-as-usual) population with current
risk factor (salt intake) distribution, baseline disease (stom-
ach cancer) epidemiology and population demographics
and an identical population that receives the ‘intervention’,
that is, a change in the risk factor (reduced salt intake).

Modelling salt intake and stomach cancer risk
Dietary salt intake was modelled as a continuous variable
with a lognormal distribution. This distribution was used to
model salt intake levels assuming the right skew of salt
intake data and the implausibility of less than or zero salt
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intake levels. The age- and sex-stratified population salt
distributions were shifted from current levels towards
achieving the mean intake levels stipulated in the national
VietnamHealth Program (8 g/d by 2025 and 7 g/d by 2030)
and theWHO recommendation (5 g/d) by 2030. Relative risk
estimates of the direct link between salt intake and stomach
cancer risk were obtained from the GBD 2019 comparative
risk assessment study(19). For themain analysis, and consistent
with the GBD study framework, we considered the optimal
salt distribution or theoretical minimum risk exposure level
(TMREL) to be 3 g of Na (∼7·6 g of salt) and varied this to 1
g and 5 g of Na in the sensitivity analysis(20). By integrat-
ing the exposure distribution and the risk function in the
potential impact fraction – which calculates the propor-
tional change in a disease condition following a change
in the exposure or risk factor(21), we estimate the post-
intervention incidence of stomach cancer, see Box 1.

Stomach cancer state transition and lifetable modelling
The stomach cancer state-transition model contains four
states: healthy (alive and free from stomach cancer), dis-
eased (alive with stomach cancer), dead from stomach
cancer and dead from other causes. Annual probabilities
of proportions of the population transiting between these
states is influenced by incidence, remission and case fatality
hazards (Fig. 1). The potential impact fraction described
above feeds into the ‘intervention’ section of the stomach
cancer state-transition model to estimate post-intervention
incidence, which influences the prevalence and then mor-
tality rates. The latter feed into the ‘intervention’ lifetable,
alter the all-cause mortality rates and propagate through
to estimate LY(17). These LY are adjusted for poor quality of
life to obtain health-adjusted life years (HALY). This qual-
ity-of-life adjustment is obtained by dividing the age- and

sex-stratified years lived with disability (YLD) for stomach
cancer by the prevalence of stomach cancer, and then
adjusted for background disability using all-cause population
YLD. The sex-stratified 5-year age cohorts of the population
are simulated through annual cycles until everyone reaches
100 years or dies. The impact of the intervention is determined
by the difference in incidence, mortality and HALY between
the reference (business-as-usual) and the intervention (salt
reduction policy targets achieved) populations.

Scenarios and sensitivity analysis
In the base-case analysis, we quantified the changes in
health outcomes following a gradual (linear) reduction
from current salt consumption level (9·4 g/d) to (i) an aver-
age of 8 g/d by 2025 (National Target (NT) 1); (ii) an aver-
age of 7 g/d by 2030 (NT 2); and (iii) an average of 5 g/d as
recommended by WHO by 2030 (WT). In additional sce-
narios, we modelled lifetime impacts, that is, the national
and WHO targets are achieved and sustained for the
remaining lifetime of the population. Next, we modelled
intervention decay scenarios. These included: NT 1 levels
are achieved and sustained for the first 5 years (until 2030)
followed by a gradual phasing out of the intervention effect
modelled as a linear reduction in impact (by -25 % every 5
years) until zero impact beyond the year 2050 (akin to salt
intake in intervention population is back to baseline levels).
Similarly, NT 2 and WT are achieved and sustained for the
first 5 years (until 2035) followed by a linear reduction in
effect (by -25% every 5 years) until zero impact beyond the
year 2055. Figure 2 depicts all the nine population salt intake
scenarios that were modelled. Furthermore, current evidence
appears unsettled on what the optimal level or TMREL of Na
(salt) intake should be, that is, the level of consumption at
which disease risk is the lowest(20). Thus, consistent with
the GBD study, we used a TMREL of 3 g of Na (∼7·6 g of salt)
in our base-case analysis and conducted one-way sensitivity
analyses using 1 g and 5 g of Na as optimal levels(19,20).

Uncertainty analyses
To assess parameter uncertainty in our model, we specified
appropriate distributions for key input parameters: salt intake
levels (lognormal distribution) and relative risks (lognormal
distribution). Probabilistic sensitivity analyses using second-
order Monte Carlo simulations were conducted to jointly cap-
ture the overall uncertainty of key parameters in our outcome
projections. We ran 2000 simulations and report the 95%
uncertainty intervals (UIs) (2·5th and97·5th percentile) around
our best estimates. The simulations were implemented using
the Ersatz 1·35 software (Epigear International)(22). To reflect
theVietnamHealth Programpolicy timelines andalso to quan-
tify the long-term impacts, outcomes are reported over three
time horizons: 6 years (2019 to 2025), 11 years (2019 to 2030)
and lifetime (2019 till the entire cohort dies or reaches
100 years).

Box 1: Potential impact fraction formula and
post-intervention incidence calculation

PIF ¼
R
i
j RR xð ÞP xð Þdx � R

i
j RR xð Þ P�

xð Þ dxR
i
j RR xð ÞP xð Þdx

where x = salt intake levels, RR(x) = relative risk, P(x) =
baseline salt intake distribution by age and sex, P* = salt
distribution after the intervention, i = start integration
level (0·5 g of salt), j= end integration level (25 g of salt),
dx= integrationwith respect to x, with i and j as the inte-
gration boundaries.

The potential impact fraction is calculated for each
sex and 5-year age group using the respective salt dis-
tributions and relative risks.

The formula: I’ = I*(1-PIF), where I’ = incidence
after intervention, I = baseline incidence; is used to cal-
culate the post-intervention stomach cancer incidence.
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Results

Estimated population salt reduction
We modelled a gradual linear reduction in average popu-
lation salt intake from the 2019 base year level to the policy
target levels. For 25–30-year-oldmen, this was an estimated
mean salt reduction of 0·383 g/annum (to reach an average
of 8 g/d by 2025), 0·300 g/annum (to reach an average
of 7 g/d by 2030) and 0·482 g/annum (to reach an average
of 5 g/d by 2030). Corresponding estimates for women
were 0·033 g, 0·109 g and 0·291 g/annum, respectively.

Table 1 in the supplementary file depicts the baseline salt
intake and the estimated average age- and sex-stratified
annual reductions modelled.

Changes in incidence of stomach cancer by 2025
and 2030
Our model estimates that compared with business as usual
where current population salt intake levels persist, a
gradual reduction in salt intake over 6 years (between
2019 and 2025) to an average of 8 g/d, could prevent about
3372 (95 % UI: 1431, 6006) new cases of stomach cancer by

Diseased with
stomach
cancer

2

Healthy without
stomach cancer

1

Dead from
stomach
cancer

3

Dead from
other causes

4

Inc CF

ACM

ACM

Fig. 1 State-transition diagram showing the four health states for the stomach cancer Markov model. Inc = probability of stomach
cancer incidence, CF= case fatality probability, ACM= all-causemortality probability. Straight arrows imply for each annual cycle, the
progression (transition) of proportions of the population from each sex and age-group cohort to the next state, while the circular arrows
imply probability of remaining in the same state
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Fig. 2 Modelled scenarios of reduction in overall mean population salt intake. BAU (business as usual), where baseline salt intake
levels remain unchanged into the future; National target of 8 g/d salt intake achieved by 2025; NT2a, National target of 7 g/d salt intake
achieved by 2030; WTa, WHO target of 5 g/d achieved by 2030; NT1b, National target of 8 g/d achieved by 2025 and sustained
to 2030 and effect gradually phased out to zero impact beyond 2050; NT2b, National target of 7 g/d achieved by 2030 and sustained
to 2035, then effect gradually phased out to zero impact beyond 2055; WTb, WHO target of 5 g/d achieved by 2030 and sustained to
2035, then effect gradually phased out to zero impact beyond 2055; NT1c, National target of 8 g/d achieved and effect sustained over
lifetime; NT2c, National target of 7 g/d achieved and effect sustained over lifetime; WTc, WHO target achieved and effect sustained
over lifetime
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Table 1 Estimated reductions in incidence of stomach cancer in Vietnam between 2019 to 2030 and over the lifetime

Scenarios

Men Women Both

Absolute
n 95% UI

Relative
Est. % 95% UI

Absolute
n 95% UI

Relative
Est. %

95%
UI

Absolute
n 95% UI

Relative
Est. % 95% UI

National 8 g/d salt target achieved by 2025
(NT 1a)

2792 944, 5383 6·0 2·0, 11·5 580 96, 1431 2·7 0·4, 6·6 3372 1431, 6006 4·9 2·1, 8·8

National 7 g/d salt target achieved by 2030
(NT 2a)

5917 2620, 10 640 6·8 3·0, 12·2 1272 282, 2802 3·2 0·7, 6·9 7189 3471, 11 905 5·6 2·7, 9·3

WHO 5 g/d salt target achieved by 2030 (WT
a)

6749 3770, 12 010 7·7 4·3, 13·7 1644 572, 3037 4·1 1·4, 7·5 8394 5211, 13 922 6·6 4·1, 10·9

Lifetime – with decay effects
National 8 g/d salt target achieved by 2025
and effect gradually phased out to zero
impact beyond 2050 (NT 1b)

17 040 7147, 30 641 3·7 1·5, 6·6 3548 645, 8135 1·4 0·2, 3·1 20 588 10 142, 33 894 2·8 1·4, 4·7

National 7 g/d salt target achieved by 2030
and effect gradually phased out to zero
impact beyond 2055 (NT 2b)

24 295 10 892, 40 809 5·2 2·3, 8·8 4972 990, 11 136 1·9 0·4, 4·3 29 266 15 417, 47 086 4·0 2·1, 6·5

WHO 5 g/d salt target achieved by 2030
and effect gradually phased out to zero
impact beyond 2055 (WT b)

28 692 15 713, 44 695 6·2 3·4, 9·6 6038 1224, 12 659 2·3 0·5, 4·9 34 877 20 640, 52 869 4·8 2·9, 7·3

Lifetime – full impacts
National 8 g/d salt target achieved and
effect sustained over lifetime (NT 1c)

37 109 17 029, 60 480 8·0 3·7, 13·0 6694 955, 15 334 2·6 0·4, 5·9 43 803 23 048, 68 205 6·0 3·2, 9·4

National 7 g/d salt target achieved and
effect sustained over lifetime (NT 2c)

43 517 21 345, 69 357 9·3 4·6, 14·9 9264 2303, 19 244 3·6 0·9, 7·4 52 781 29 948, 79 102 7·3 4·1, 10·9

WHO 5 g/d salt target achieved and effect
sustained over lifetime (WT c)

50 383 30 806, 72 920 10·8 6·6, 15·7 12 843 6285, 22 330 5·0 2·4, 8·6 63 226 41 714, 86 887 8·7 5·8, 12·0

UI, Uncertainty interval.

590
LN

A
m
in
d
e
et

a
l.

https://doi.org/10.1017/S136898002200177X Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S136898002200177X


2025 (relative reduction in incidence: 6 % in men v. 2·7 % in
women). Over 11 years, that is, by 2030, about 7189 (95 %
UI (3471, 11 905)) new cases of stomach cancer could be
prevented if the 7 g/d national policy were achieved (rel-
ative reduction in incidence: 6·8 % in men v. 3·2 % in
women). Furthermore, if the WHO 5 g/d target was
attained by 2030, there could be 8394 (95 % UI (5211,
13 922)) fewer incident cases of stomach cancer (relative
reduction in incidence: 7·7 % in men v. 4·1 % in women)
(Table 1).

Changes in mortality from stomach cancer by
2025 and 2030
Over a period of 6 years (2019–2025), our model estimates
that there could be 1875 (95 % UI (691, 3482)) fewer deaths
from stomach cancer (relative reduction inmortality: 2·9 % in
men v. 1·5 % in women), if the mean population salt intake
decreased linearly to 8 g/d. Over a period of 11 years, that is,
by 2030, achieving the 7 g/d policy target could avert 4851
(95 % UI (2153, 8453)) stomach cancer deaths (relative
reduction in mortality: 4·4 % in men v. 2·2 % in women).
Moreover, if the WHO 5 g/d salt target was achieved by
2030, about 5855 (95 % UI (3255, 9709)) stomach cancer
deaths could be averted (relative reduction in mortality:
5·2 % in men v. 2·8 % in women) (Table 2).

Estimated gains in healthy life years by 2025
and 2030
The above epidemiological changes in stomach cancer
burden if the average 8 g/d salt target was reached were
projected to accrue 3308 (95 % UI (841, 6792)) HALY for
men and 895 (95 % UI (130, 2245)) HALY for women by
2025. If the 7 g/d salt target were reached, this would lead
to 12 710 (95 % UI (4251, 25 876)) HALY gained for men
and 3345 (95 % UI (555, 7628)) HALY gained for women
by 2030. Furthermore, if adult Vietnamese reduced their
average salt intake to the WHO 5 g/d target, up to
15 187 (95 % UI (6288, 28 788)) HALY and 4012 (95 % UI
(1039, 8421)) HALY could be gained for men and women,
respectively, by 2030 (Table 3).

Lifetime impacts and sensitivity analyses
Compared with business-as-usual, if the 8 g/d by 2025, the
7 g/d by 2030 and 5 g/d by 2030 salt targets were achieved
and sustained over the population lifecourse (i.e. from 2019
until the entire cohort died or reached 100 years of age), our
model projects that overall, about 43 803 (95 % UI (23 048,
68 205)), 52 781 (95 % UI (29 948, 79 102)) and 63 226
(95 % UI (41 714, 86 887)) incident stomach cancer events,
respectively, could be prevented. Corresponding stomach
cancer deaths that could be averted were 39 274 (95 % UI
(20 579, 61 220)), 47 289 (95 % UI (26 849, 70 753)) and
56 673 (95 % UI (37 412, 77 950)), respectively.

In decay scenarios with a gradual phase-out in salt
reduction effects towards with nil effect beyond 2050

(for the 8 g/d target) and 2055 (for 7 g/d and 5 g/d targets),
our model estimated 20 588 (95 % UI (10 142, 33 894)),
29 266 (95 % UI (15 417, 47 086)) and 34 877 (95 % UI
(20 640, 52 869)), respectively, for incident stomach can-
cers prevented. For stomach cancer mortality, the corre-
sponding number of deaths averted were 18 983 (95 %
UI (9307, 31 334)), 26 892 (95 % UI (14 137, 43 340))
and 32 108 (95 % UI (18 927, 48 991)).

With respect to healthy LY, our model estimates that an
extra 344 660 (for the 8 g/d target), 411 060 (for the 7 g/d
target) and over 493 633 (for the 5 g/d target) stomach
cancer-related HALY could be gained. In the decay scenar-
ios with a gradual phase out of the policy effects, the cor-
responding estimates were 204 807 HALY, 279 359 and
333 985 HALY gained (see Tables 1, 2 and 3).

In one-way sensitivity analysis, compared with a TMREL
of 3 g of Na (base case), using an optimal intake or TMREL
of 1 g of Na resulted in larger health gains in the order of 4–
7 % for the 8 g/d target by 2025 and by up to 9–17 % (for
the 7 g/d target by 2030) and 23–44 % (for the WHO tar-
get by 2030) compared with base case. In the lifetime
scenarios, using an optimal intake of 1 g of Na increased
health gains observed by 4–22 % relative to base case for
the national targets and up to 63 % for the WHO target.
On the other hand, applying a higher TMREL of 5 g of
Na compared with 3 g (base case), considerably reduced
the health benefits by 63–79 % for all scenarios and time
horizons (see Fig. 3 and Table 4) .

Discussion

In this study, we estimate the potential impact of achieving
the 2018 Vietnam Health Program salt reduction targets on
the future burden of stomach cancer and population health.
Compared with current levels of salt consumption, about
3400 incident cases of and 1900 deaths from stomach
cancer could be prevented if the 8 g/d target was achieved
over six years, that is, by 2025. Achieving the average 7 g/d
target over 11 years (by 2030) could avert 7200 incident
cases and about 4800 deaths from stomach cancer. These
changes in stomach cancer burden translated to 4200 and
16 000HALY gained by 2025 and 2030, respectively. Larger
impacts in avoidable disease burden could be obtained
with further reductions in salt intake down to the WHO tar-
get of 5 g/d, for which we estimate over 5800 stomach
cancer deaths prevented or postponed and about 19 200
HALY gained by 2030. Similarly, if these reductions in salt
consumption to the national and WHO targets were sus-
tained over the remaining lifetime, even bigger health gains
could be attained. Our results were sensitive to varied opti-
mal levels of salt intake. As expected, when compared with
3 g of Na, larger benefits were obtained with an optimal
intake level 1 g of Na as opposed to considerable shrinking
when a higher optimal intake level of 5 g of Na was
implemented.
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Table 2 Estimated reduction in mortality from stomach cancer in Vietnam between 2019 to 2030 and over the lifetime

Scenarios

Men Women Both

Absolute
n 95% UI

Relative
Est. % 95% UI

Absolute
n 95% UI

Relative
Est. %

95%
UI

Absolute
n 95% UI

Relative
Est. % 95% UI

National 8 g/d salt target achieved in 2025
(NT 1a)

1503 438, 2979 2·9 0·8, 5·7 372 58, 910 1·5 0·2, 3·6 1875 691, 3482 2·4 0·9, 4·5

National 7 g/d salt target achieved in 2030
(NT 2a)

3920 1536, 7472 4·4 1·7, 8·3 931 180, 2097 2·2 0·4, 5·0 4851 2153, 8453 3·7 1·6, 6·4

WHO 5 g/d salt target achieved in 2030
(WT a)

4679 2315, 8352 5·2 2·6, 9·3 1175 368, 2269 2·8 0·9, 5·4 5855 3255, 9709 4·4 2·5, 7·3

Lifetime with decay effects
National 8 g/d salt target achieved in 2025
and effect gradually phased out to zero
impact beyond 2050 (NT 1b)

15 667 6497, 28 253 3·5 1·5, 6·4 3316 602, 7553 1·3 0·2, 3·1 18 983 9307, 31 334 2·8 1·4, 4·5

National 7 g/d salt target achieved in 2030
and effect gradually phased out to zero
impact beyond 2055 (NT 2b)

22 257 9996, 37 361 5·0 2·3, 8·4 4635 911, 10 455 1·9 0·4, 4·2 26 892 14 137, 43 340 3·9 2·1, 6·3

WHO 5 g/d salt target achieved in 2030 and
effect gradually phased out to zero impact
beyond 2055 (WT b)

26 286 14 372, 41 034 5·9 3·3, 9·3 5638 1174, 11 813 2·3 0·5, 4·8 32 108 18 927, 48 991 4·7 2·7, 7·1

Lifetime – full impacts
National 8 g/d salt target achieved in 2025
and effect sustained over the lifetime
(NT 1c)

33 196 15 206, 54 170 7·5 3·4, 12·2 6078 865, 13 988 2·5 0·4, 5·7 39 274 20 579, 61 220 5·7 3·0, 8·9

National 7 g/d salt target achieved in 2030
and effect sustained over the lifetime
(NT 2c)

38 885 19 087, 61 762 8·8 4·3, 13·9 8404 2050, 17 492 3·4 0·8, 7·1 47 289 26 849, 70 753 6·9 3·9, 10·3

WHO 5 g/d salt target achieved in 2030 and
effect sustained over the lifetime (WT c)

45 030 27 513, 65 173 10·2 6·2, 14·7 11 644 5692, 20 270 4·7 2·3, 8·2 56 673 37 412, 77 950 8·2 5·4, 11·3

UI, uncertainty interval.
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Very few studies (mostly from high-income countries)
have quantified the long-term impacts of excess salt intake
on the burden of stomach cancer. Kypridemos et al. mod-
elled various scenarios in relation to thewell-knownUnited
Kingdom 2003–2011 salt reduction program. This program
included public awareness campaigns, food labelling and
voluntary reformulation of processed foods by food indus-
tries. In a scenario where the decline in salt intake observed
in the program continued to 2015 (that is, 8·9 g/d in 2003 to
7·1 g/d in 2015), an estimated 5000 incident cases of stom-
ach cancer and 2000 fewer deaths from the disease were
prevented over that period(23). Further salt reductions to
∼6 g/d by 2030 were estimated to result in an additional
1200 new stomach cancer cases prevented and 700 deaths
postponed. Another recent modelling study in the USA has
shown that compared with status quo, a low-Na DASH diet
could reduce the lifetime risk of stomach cancer by 24·8 %
in men and 21·2 % in women. In addition, this prevented
twenty-seven and fourteen stomach cancer cases per
10 000 people, respectively, for men and women and post-
poned twenty-four stomach cancer deaths in men and thir-
teen stomach cancer deaths in women per 10 000
persons(24). Despite differences in modelling approaches,
with Kypridemos et al. using dynamic microsimulation
and the latter study using Markov models, the results from
these studies are akin to our findings – demonstrating the
substantial avoidable stomach cancer burden from popula-
tion-wide salt reduction.

Our results show that benefits were significantly greater
in men than in women. This could be explained by several
factors. First, men had much higher baseline salt intake and

hence needed a greater absolute salt reduction to meet the
program targets modelled. Second, men have higher inci-
dence (nearly twice for some age-groups) and slightly
higher fatality rates (in older ages) for stomach cancer com-
pared with women. The high hazard rates in men are con-
sistent with the recent 2020 GLOBOCAN report(3). It is in
part explained by the clustering of other major risk factors
for gastric cancer such as smoking and heavy alcohol use in
men. Put together, it is highly likely that men would benefit
more from primary prevention interventions that modify
population exposures by shifting the distributions of major
risk factors like salt intake to healthy ranges.

Public health and policy implications
Over two-thirds of adult Vietnamese reported that they
consume just the right amount of salt. However, estimates
from urinary Na excretion indicate actual intake are nearly
twice that recommended by theWHO(10). As most (70 %) of
the salt consumed in Vietnam is added during cooking or at
the table and from fish sauces(10,25), strategies to achieve the
Healthy Vietnam Program salt reduction targets need to
focus on consumers. Do and colleagues evaluated a suite
of behavioural change interventions includingmass media,
school interventions and community programs conducted
for a year and found significant reductions in Na intake
in a province in Vietnam(26). Such interventions could be
scaled nation-wide across all sixty-three provinces to achieve
larger returns. Recently, the government of Vietnam through
the Department of Preventive Medicine of the Ministry of
Health in collaboration with the WHO country office and

Table 3 Estimated health-adjusted life years (HALY) gained between 2019 and 2030 and over the lifetime of adults in Vietnam

Scenarios Male n 95% UI Female n 95% UI Both n 95% UI

National 8 g/d salt target achieved by 2025
(NT 1a)

3308 841, 6792 895 130, 2245 4203 1448, 7968

National 7 g/d salt target achieved by 2030
(NT 2a)

12 710 4251, 25 876 3345 555, 7628 16 054 6461, 29 520

WHO 5 g/d salt target achieved by 2030
(WT a)

15 187 6288, 28 788 4012 1039, 8421 19 199 9546, 33 260

Lifetime with decay impact
National 8 g/d salt target achieved by
2025 and effect gradually phased out
to zero impact beyond 2050 (NT 1b)

167 038 74 759, 294 022 37 769 6991, 87 265 204 807 103 589, 335 725

National 7 g/d salt target achieved by
2030 and effect gradually phased out
to zero impact beyond 2055 (NT 2b)

227 793 109 606, 380 477 51 566 11 869, 113 977 279 359 153 648, 434 884

WHO 5 g/d salt target achieved by 2030
and effect gradually phased out to zero
impact beyond 2055 (WT b)

268 610 153 697, 420 370 63 752 16 458, 131 643 333 985 202 883, 503 659

Lifetime – full impact
National 8 g/d salt target achieved and
effect sustained over lifetime (NT 1c)

288 744 134 458, 469 798 55 915 9069, 129 279 344 660 180 110, 529 958

National 7 g/d salt target achieved and
effect sustained over lifetime (NT 2c)

334 460 166 587, 530 506 76 600 20 680, 158 429 411 060 236 611, 612 972

WHO 5 g/d salt target achieved and effect
sustained over lifetime (WT c)

388 421 236 478, 563 176 105 212 50 434, 183 050 493 633 325 434, 676 944

UI, uncertainty interval.

Salt reduction and stomach cancer in Vietnam 593

https://doi.org/10.1017/S136898002200177X Published online by Cambridge University Press

https://doi.org/10.1017/S136898002200177X


support from Vital Strategies organisation have com-
menced a nation-widemedia campaign to educate the pub-
lic on the ills of excess salt intake and the need to reduce its
consumption(25). The long-term sustainability of these pro-
grams is unknown. However, recent modelling assessing
the lifetime impacts of media campaigns and school-based
programs for salt reduction found that despite the modest
effects, these interventions could deliver large population
health gains andwere cost saving if effects are sustained(27).

For Vietnam and other low-income and middle-income
countries where most of the salt is added during cooking,
another viable intervention for consideration is replacing
regular salt with low-Na potassium-rich salt-substitutes.
Evidence from large pragmatic community trials have
shown that they are very effective in reducing blood
pressure and vascular events(28,29), as well as being highly
cost-effective(27). Nonetheless, given the expansion of multi-
national food industries in many low-income and middle-
income countries, partly fuelling the nutrition transition with
growing consumption of ultra-processed foods rich in salt,
sugar and fats, these governments will need to consider
multi-pronged strategies. Among others, the inclusion of
upstream interventions like industry food reformulation,

food labelling using consumer-friendly methods that are
easy to interpret like traffic light warnings, would be
needed(30). Thesemeasures must be accompanied by regu-
lar surveillance, monitoring and evaluation to assess
progress and identify areas needing attention to ensure
sustained and equitable impacts.

Recent analysis of the burden of gastric cancer showed
that the age-standardised incidence and death rates have
significantly declined since 1990. However, the rate of
decline appears to have slowed down and plateaued in
recent years, especially in East Asia and Pacific region(2,31).
It is suggested that this decline may partially be explained
by declining trends in the global prevalence of smoking
(another major risk factor for stomach cancer)(31). We posit
that the recent plateau (and reversal for some countries in
Asia) in the trend might in part be driven by increasing salt
consumption that has accompanied the nutrition transition
in Asia(32,33), which has the highest salt consumption levels
globally(20). Moreover, the GBD study showed that while
about 38·2 % of global age-standardised stomach cancer-
related DALYwere attributable to diets high in salt (smoking
was second contributor at 24·5 %), a much higher fraction
(61·3 %)was observed in East Asia, approximately twice that

Table 4 Comparison of relative changes in base case estimates from varying the TMREL for sodium in the univariate sensitivity analysis

Outcome Scenarios

Base case One-way sensitivity analysis

TMREL 3 g Na
estimate 95% UI

TMREL 1 g Na
change from base

TMREL 5 g Na
change from base

Incidence NT 1a-2025 3372 1431, 6006 þ7·4% −66·9%
NT 2a-2030 7189 3471, 11 905 þ16·8% −72·9%
WT a-2030 8394 5211, 13 922 þ44·4% −75·6%
NT 1b-decay 20 588 10 142, 33 894 þ4·1% −65·9%
NT2b-decay 29 266 15 417, 47 086 þ9·3% −73·9%
WT b-decay 34 877 20 640, 52 869 þ34·5% −76·4%
NT1c-Lifetime 43 803 23 048, 68 205 þ11·0% −72·3%
NT2c-Lifetime 52 781 29 948, 79 102 þ22·4% −76·8%
WT c-Lifetime 63 226 41 714, 86 887 þ63·4% −79·1%

Mortality NT 1a-2025 1875 691, 3482 þ6·3% −64·4%
NT 2a-2030 4851 2153, 8453 þ14·7% −71·2%
WT a-2030 5855 3255, 9709 þ31·7% −75·1%
NT 1b-decay 18 983 9307, 31 334 þ3·9% −65·9%
NT2b-decay 26 892 14 137, 43 340 þ9·0% −74·1%
WT b-decay 32 108 18 927, 48 991 þ34·4% −76·6%
NT1c-Lifetime 39 274 20 579, 61 220 þ11·0% −72·3%
NT2c-Lifetime 47 289 26 849, 70 753 þ22·4% −76·8%
WT c-Lifetime 56 673 37 412, 77 950 þ63·3% −79·1%

HALY NT 1a-2025 4203 1448, 7968 þ6·0% −62·9%
NT 2a-2030 16 054 6461, 29 520 þ13·1% −68·8%
WT a-2030 19 199 9546, 33 260 þ23·0% −72·9%
NT 1b-decay 204 807 103 589, 335 725 þ6·7% −66·4%
NT2b-decay 279 359 153 648, 434 884 þ12·1% −74·3%
WT b-decay 333 985 202 883, 503 659 þ36·2% −77·1%
NT1c-Lifetime 344 660 180 110, 529 958 þ11·1% −74·2%
NT2c-Lifetime 411 060 236 611, 612 972 þ21·7% −76·4%
WT c-Lifetime 493 633 325 434, 676 944 þ61·7% −78·8%

NT1a, National target of 8 g/d salt intake achieved by 2025; NT2a, National target of 7 g/d salt intake achieved by 2030;WTa,WHO target of 5 g/d salt intake achieved by 2030;
NT1b, National target of 8 g/d salt intake achieved by 2025 and effect gradually phased out to zero impact beyond 2050; NT2b, National target of 7 g/d achieved by 2030 and
effect gradually phased out to zero impact beyond 2055; WTb, WHO target of 5 g/d achieved by 2030 and effect gradually phased out to zero impact beyond 2055; NT1c,
National target of 8 g/d achieved and effect sustained over lifetime; NT2c, National target of 7 g/d achieved and effect sustained over lifetime; WTc, WHO target achieved and
effect sustained over lifetime; TMREL, theoretical minimum risk exposure level; UI, uncertainty interval.
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of other regions(2). This demonstrates the substantial contri-
bution that high-salt diets in the region make to the stomach
cancer-related morbidity and mortality.

During the past two decades, the government of
Vietnam has made commitments towards cancer control,
for example, setting up theNational Cancer Control Program
as part of the national strategy for the prevention and con-
trol of NCD 2015–2025(34). However, a recent review
highlighted a number of shortcomings including limited
availability and accessibility to diagnostic and treatment
services across some provinces; inadequate funding
(2·5–3·5 % of total health expenditure) for NCD programs
despite NCD accounting for 70 % of all deaths; low com-
munity awareness with nearly four-fifths of patients diag-
nosed at advanced stages of cancer and limitations in data
infrastructure(35). The high lethality of stomach cancer,
limited capacity and associated healthcare costs under-
score the need for primary prevention to take precedence
in efforts to combat this condition. Simple effective and
cost-effective strategies like population dietary salt reduc-
tion should therefore be high on the policy agenda for
measures to mitigate the burden of stomach cancer in
Vietnam, Asia and globally.

Strengths and limitations
Our study has some limitations. First, our modelling does
not consider the future trends in salt consumption. Given
the ongoing nutrition transition, salt intake may increase
over time. It is also possible that consumption might
decline in response to the recent government initiatives.
Predicting the balance of this is not immediately straightfor-
ward; however, our analysis reveals that with the current
high-salt consumption, even very modest reductions in salt
intake are likely to deliver sizeable health gains. Second,
we do not explicitly model the lag time from exposure to
incidence of stomach cancer. This implies our estimates
maybe on the high end; however, in our lifetime scenarios,
wemodel intervention decays down to zero impact beyond
20 years, which mitigates any overestimation. Third, we
model a closed cohort of adult Vietnamese. Thus, our life-
time health outcomes do not capture the benefits of salt
reduction that accrue from younger cohorts as they age,
rendering our results conservative.

Despite the above, our study has some strengths. To our
knowledge this study is the first from Asia to estimate the
burden of stomach cancer that could be avoided from
dietary salt reduction. Our findings contribute to bridging

100 80 60 40 20 0 20

NT1a
NT2a
WTa

NT1b
NT2b
WTb
NT1c
NT2c
WTc

Thousands

(a)

TMREL 1g
 TMREL 5g

100 50 0 50

NT1a
NT2a
WTa

NT1b
NT2b
WTb
NT1c
NT2c
WTc

Thousands

(b)

800 600 400 200 0 200

NT1a
NT2a
WTa

NT1b
NT2b
WTb
NT1c
NT2c
WTc

Thousands

(c)

30 20 10 0 10

NT1a
NT2a
WTa

NT1b
NT2b
WTb
NT1c
NT2c
WTc

Thousands

(d)

30 20 10 0 10

NT1a
NT2a
WTa

NT1b
NT2b
WTb
NT1c
NT2c
WTc

Thousands

(e)

300 200 100 0 100

NT1a
NT2a
WTa

NT1b
NT2b
WTb
NT1c
NT2c
WTc

Thousands

(f)

Fig. 3 Tornado plot of one-way sensitivity analysis showing the impacts of different TMREL on incidence, mortality and HALY over
varied time horions. Panels A (incidence), B (mortality) andC (HALY) for men and panels D (incidence), E (mortality) and F (HALY) for
women. TMREL, Theoreticalminimum risk exposure level (optimal level of Na consumption at which disease risk is lowest; base case:
3 g of Na (∼7·6 g of salt), sensitivity analysis: 1 g of Na (∼2·5 g of salt) and 5g Na (∼12·6 g of salt); NT1a, National target of 8 g/d
salt intake achieved by 2025; NT2a, National target of 7 g/d salt intake achieved by 2030;WTa,WHO target of 5 g/d achieved by 2030;
NT1b, National target of 8 g/d achieved by 2025 and sustained to 2030 and effect gradually phased out to zero impact beyond
2050; NT2b, National target of 7 g/d achieved by 2030 and sustained to 2035, then effect gradually phased out to zero impact beyond
2055; WTb, WHO target of 5 g/d achieved by 2030 and sustained to 2035, then effect gradually phased out to zero impact
beyond 2055; NT1c, National target of 8 g/d achieved and effect sustained over lifetime; NT2c, National target of 7 g/d achieved
and effect sustained over lifetime; WTc, WHO target achieved and effect sustained over lifetime
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the knowledge gap in the region and provides important
evidence needed by policy makers as they prioritise strate-
gies to tackle cancer and NCD. Furthermore, by quantifying
the differential impact of varied TMREL, we demonstrate that
irrespective of the optimal salt intake level considered, sub-
stantial gains in population health could beobtained. Finally,
wemodelmultiple time horizons including lifecourse,which
goes beyond the current national targets and thereby pro-
vides comprehensive evidence on the long-term impacts
of policy actions or inactions. Finally, by using local survey
data on salt consumption, we allay any issues with transfer-
ability of evidence from elsewhere, given that most of the
evidence on future impacts of salt intake on stomach cancer
is from high-income countries.

Conclusion

Our study suggests that achieving the Healthy Vietnam pro-
gram salt reduction targets could avert a substantial propor-
tion of the future stomach cancer burden in Vietnam by
2025–2030 and gain thousands of healthy LY. Larger health
benefits could be obtained if the WHO salt reduction target
was met and targets sustained over the lifespan. Given the
high lethality of stomach cancer and limited diagnostic and
therapeutic resources in Vietnam, investing in primary pre-
vention strategies such as salt reduction should be high on
the policy agenda to optimise population health and alle-
viate future pressure on the health system.
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